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М odern Geographical Distribution of Tsuga and Its Climatic 
Conditions in the Asian Monsoon Region 


Е 1,2 1,2 1 ** 
YANG Qing-Song ` , XING Yao-Wu ` , ZHOU Zhe-Kun 
(1 Key Laboratory of Biodiversity and Biogeography, Kunming Institute of Botany, Chinese Academy of Sciences, Kunming 650204, China; 
2 State Key Laboratory of Palaeobiology and Stratigraphy, Nanjing 210008, China) 


Abstract: In Asia, Tsuga is mainly distributed in the Asian Monsoon region, and intermittently distributed in Mainland 
China, Taiwan Central Ranges and Japanese Archipelago ( except Hokkaido) .In Mainland China, it is discontinuously dis- 
tributed in the southwestern mountains (the Hengduan Mountains and a part of the Eastern Himalayas) , the central moun- 
tains ( the Qinling Mountains and the Daba Mountains) and the southeastem mountains (the East China mountains) . In its 
modem geographical distribution, Tsuga growth requires following climatic conditions: annual precipitation (AP) range of 
720 - 2 103 mm, growing season precipitation (GP) range of 635 - 1 489 mm, annual mean temperature (AMT) range of 
5.8-18.2?C, winter mean temperature (WMT) range of - 2.7 - 11.5?C, mean temperature for the coldest month (МТС) 
range of -3.7 - 10.9?C, mean temperature for the warmest month (MTW) range of 13.0 -28.2°C, and the annual range 
of monthly mean temperature (ART) range of 9.7 - 25.4?C . In the Asian Monsoon region, AP in Korean Peninsula and its 
adjacent northeast China mountainous region, and the Shangdong mountainous region is more than 700 mm and generally 


meet the moisture requirements of Tsuga growth . But ART of these two Tsuga-free regions are apparently higher than that 
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of Tsuga regions, and WMT and MIC are lower than those for Tsuga regions . It indicates that temperature conditions, 


particularly WMT, MIC and ART are constraints for the growth of Tsuga in these Asian Monsoon region . In conclusion, 


moisture conditions can generally meet Tsuga living requirements in these monsoon mountainous regions, but winter tem- 


perature (including WMT and МТС) and ART become limited factors of Tsuga in these regions . 


Key words: Tsuga; the Asian Monsoon region; Modern geographical distribution; Climatic conditions 
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Tsuga modern geographic distribution regions in the eastern part of the Asian monsoon region 


5 00100: 
0000 (000) 


0000:00000: 

















A . Horizontal distributions; B . Vertical distributions . Dark blue dots: the southwestern mountains; Green dots: the central mountains; Red dots: 


the southeastern mountains; Sky blue dots: the Taiwan Central Ranges; Black dots: the Japanese Archipelago (except Hokkaido) 
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Fig .2 Moisture indices and Tsuga modern geographic distributions in the Asian Monsoon region 


A . Annual precipitation; B . Growing season precipitation . Legends see in Fig .1 
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Fig .3 Temperature indices and Tsuga modern geographic distributions A .annual mean temperature; B .annual range of monthly 


mean temperature; C . mean temperature for the warmest month; D . mean temperature for the coldest month . Legends see in Fig . 1 
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Fig.4 Winter mean temperature and Tsuga modern geographical distribution in the Asian Monsoon region . Dark blue dots: the southwestern mountains ; 
Green dots: the central mountains; Red dots: the southeastern mountains; Sky blue dots: the Taiwan Central Range; Black dots: the Japanese 


Archipelago (except Hokkaido) ; S: the Shandong mountainous region; K: Korean peninsula and its adjacent northeast China region 
































Climatic indices 





AP (mm) 

GP (mm) 
MAT (°С) 

WMT (°С) 
МТС (°С) 
MTW (°С) 
АКТ (°С) 

















































































































Climatic indices 





AP (mm) 

GP (mm) 
MAT (°С) 

WMT (°С) 
МТС (°С) 
MTW (°С) 
АКТ (°С) 




































































Table 1 




































































Southwestern 
Mountains 

Mean Range 

1000 720-1461 
877 644-1255 
10.1 5.8-16.1 
3.0 -2.7-9.9 
2.0 -3.7-9.0 
17.0 13.0-22.0 
15.1 12.4-17.7 


Table 2 Climatic indices of Tsuga geogr 
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Central 
Mountains 
Mean Range 
1060 794-1264 
804 635-913 
13.0 10.9-14.5 
2.8 0.3-4.3 
1.7 -0.7-3.3 
23.7 21.4-25.2 
22.0 21.3-22.8 




































































Southeastern 

Mountains 
Mean Range 
1520 1352-1634 
92] 844-008 
16.8 14.8-18.2 
6.5 3.4-0.5 
5.5 2.2-8.6 
2.3 26.0-28.2 
21.9 19.5-23.8 


Climatic indices of Tsuga modern geographic distribution regions in 


the eastern part of the Asian Monsoon region 
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Japanese Archi pelago 
( except Hokkaido) 

























































































Chinese Taiwan 

Mainland Central Ranges 
Mean Range Mean Range Mean 
1193 720-1634 2069 1962-2103 1635 
867 635-1255 1439 1345-1489 1099 
13.3 5.8-18.2 15.0 13.0-16.3 10.8 
4.1 -2.7-9.9 10.3 8.4-11.5 0.4 
3.1 -3.7-9.0 9.6 7.6-10.9 -0.8 
22.7 13.0-28.2 19.9 17.9-20.9 23.4 
19.7 12.4-23.8 10.3 9.7-10.9 24.1 
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Chinese 
Mainland 
Mean Range 
1193 720-1634 
867 635-1255 
13.3 5.8-18.2 
4.1 -2.7-9.9 
3.1 -3.7-9.0 
22.7 13.0-28.2 
19.7 12.4-23.8 


Tsuga distribution regions 


















































eastern part of the 











Mean 

















1457 
1028 
13.1 
4.6 
3.6 
22.3 
18.7 


Asian Monsoon region 

















Range 





720-2103 
635-1489 
5.8-18.2 
-2.7-11.5 
-3.7-10.9 
13.0-28.2 
9.7-25.4 




















Капге 
1425-2011 
915-1468 
8.7-14.1 
-2.3-4.2 
-3.5-3.2 
21.5-25.5 
22.3-25.4 


aphic distribution regions and 7sgua-free mountainous regions in the eastern part of the Asian Monsoon region 


eastern part of the 


Asian Monsoon region 






































Tsuga-free mountainous regions 


































































































Korean Peninsula and its adjacent 
































Mean Range 

1457 720-2103 
1028 635-1489 
13.1 5.8-18.2 
4.6 -2.7-11.5 
3.0 -3.7-10.9 
22.3 13.0-28.2 
18.7 9.7-25.4 

Shandong 


mountainous region 


northeast China mountainous region 

















Mean 











1064 
872 
6.8 

-8.5 

-10.6 

21.9 

3255 

















Range 





710-1329 
649-1056 
0.4-11.9 
-14.4-2.8 
-16.7-4.5 
18.9-23.9 
27.9-36.9 
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Mean 


612 


12.3 
-0.9 
2.4 
25.3 
27.7 

















Капре 





701-859 
596-699 
10.8-13.3 
-2.4-0.2 
-3.8- 1.3 
23.7-26.3 
26.2-28.1 


Note: Bold indicated the suitable climatic conditions and italic indicated Ше unsuitable climatic conditions of Tsuga growth in Ше eastern part of the Asian monsoon region; Indices aberrations see in the text 
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ПП, 000000000, 000000600 
ПОР за АМА О АМА А РА А ЕЗИ 
U-OUUYUUUUUUUUUUUUYE (Kirchhe- 
imer, 1934; Manum, 1962; Ferguson, 1967; Boulter 
and Kvacek, 1989; Basinger, 1991; Wehr and 
Schorn, 1992) (00000, 000000600 
ПООООООО (Forin, 1963), ПОО 
ШШШ ШЕ ШЕШЕП ШИ ШШ 
HEET 00000000000, ПОПО 
ОПООПОПОПООПОО, 00000600 
ППОПО, ПОПОООПОООПООПООПО 
HAE ЈАЈА И ЈА АВ ЕШ ИЙЕ 
000 (Gnibidenko [| , 1999; LePage, 2003b)[] 
LB: Hii ДЕ О ЕНШ B ИШДИ NE 
п000000000000, 00000600 
ШППП,ПШПШШПШПШПШШПП,ППШППППШП 
[| EH UO OU DDD (Borisova, 1973; Matthews and 
Oveden, 1990; Willard, 19945[] [] DH] DB EH EH D 0 
ПОПОПО (2.16-1.96Myr) [] ET OE UE CEU] Ц 
ПП, ПОПОООПООПОПООПОПООП (LeP- 
age, 2003), ППОППООПОПООПОО 
(Ferguson, 1967) 0000000000000 
ПППП (LePage, 20032, DO 000, ПОП 
ОПООПОПОВООПО T. diversifolia П ПП 
ШШ ЕШШ е дуо BERE RES EP LEADS 
O O (Tsukada, 1985) 

ППО, ПОПОПОПОПОООПОО 
ШП. CHH: 19955 III H ; 199), O 000 
4eN ППППОП, 0000, 1987); ПО 
ОПООПОПОПОПООПООПООПОВОПО 
O0 (UU L) 1999; Sun[] , 2005), O00000 
ОПОПОПОПООО, 00000000000 
Ше ЕА О АДЕ В ЕТА 
ОПОПООПОООПОПО, 00000000 
ШО Шз АН s 192920 ААВ. ПНВ 
ШШ» ШИШЕДЕ ШИН BE АЕНА hiii BH 
ДИНА АНЕ ЦО АБА ЖИЕ ШИШ ШИ 
AMA OHAR 20 3°C (Shi[], 1993; Ап, 
1993; Wang and Gong, 2000; O O O 0, 2005), 
ШШ ИД ВА УУ ВА А g: O-H АД d B. abs 
О, 1992; ПППП, 1991; 100, 1998; ПО 
ПО, 2004); 0000000, ПОПООО 


ШШШ Hi даки Л И чия нос бани 
ПП, 2005) ПППОПОПООООПООПО 
ШЕШН ТШШН ЛЫШ ШИШ ШИШЕНИН ШШ 
ОПОПОПООО 


з ПО 

Hd bs dI gg gum agg. 
ШШШ HBP: ШТЕЙ DE DEBE = 
ОДА А О ВАВ НИН ШЫ ИН. EJ 
Ц ОВАА ОУ EE B BOB BEP ШШ И.Ш 
ОПОПОПООООО 7200 2 103 mm, ПП 
ОПОПОПО 6350 1489 mm, D D DOO BD D 
OO 5.80 18.2°C, O00000 -2.70 11.5°С, 
ППППППП -3.70 10.9°C, 000000 
[| 13.00 28.2°C, 0O00 0000 9.70 25.4*CT] 
ОПОПОПОВО 00000 700 mm), 
ОПОПОПОООПОООО, 000000 
ОПОПОПОПОПООПООООПООООПООО 
ОПОПОПОПОПООПОООПООООПООО 
ОПОПОПОПОПОПОООО, 0000800 
ВА О А А ВАВА BOB HELP ДУВА LI 
ШЕШШ А АРА О DEL TELE А О О ШЦ 
ea А О 9 Н АВД АД И 
Ма на У ЕЦ i АЗИЛ А АЕ ЕИ B: А 
ШШШ А АВА BL. ВАВА Hii ВАВ EGRE 
ОП 


ug 009000000000 000 000 0000 
000000, 0000000000000; 000 
ОПООПООООПОПОПОПОПОПОПОО, ПО 
ПОПОПОООПОООООПООПОО 













































































































































































































































































































































































































































































































































































































































































ВЕ B. и ДШ 
, 1999 . [A] .Ú : ( 35 
( ) [M]. 
‚ 741—789 
‚ 1992. 
[А]. | 
[М]. : ‚ 48—65 
‚ 1999. [А]. 
[М]. 
17—39 
‚ 1998. [М]. 



































































































































50 ОООО: ПООООПООООООПОООООПОПОО 397 



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































56—70 
А ; | О, 1990. 20 ШЕ ДЕН ЕЙ 
[АТ.П: ; |ПППП! 
(000) M1. | ‚ 1—26 
‚ 1983. [М] ‚ 228—230 
‚ 1999. - - [A] ( 
). | J| У ): 
[iM] .00:0 1 , 192—198 
, 1960 . | [J] ‚9 
(2): 125—136 
š ‚ПППП. 1992. | 
[А]. | ( ) 
[M]. ‚ 1—18 
i Е , 1987. : 
[A] 
| (05. 00 
(U ) [M]. ПП ‚ 151—168 



















































































An ZS, Bott S, Wu XH е al., 1993 . Holocene Optimum and East Mon- 
soon change in middle-east China [J] . Chinese Science Bulletin, 38: 
1302—1305 

Basinger JF, 1991 . The fossil forests of the Buchanan Lake Formation 
(early Tertiary) , Axel Heiberg Island, Canadian Arctic Archipelago: 

preliminary floristics and paleoclimate [J] . Geological Survey of Can- 
ada, Bulletin, 403: 39—65 


Borisova ZK, 1973 .Pliocene sediments in the Penzhina River Basin [J] . 


Doklady Academia Nauka SSSR, Earth Science Section, 212: 38—40 
Boulter MC, Kvacek Z, 1989 .The Palaeocene flora of the Isle of Mull 


[J] . Special Papers in Palaeontology, 42: 1—149 


Burns RM, Honkala BH, 1990 .Silvics of North America, Conifers [M] . 


Washington DC: U . S . Department of Agriculture, Forest Service, 
Agriculture Handbook 654 . Vol . 1: 1—877 

Choi BC, Davies TD, Osborn TJ et al., 1998 . On the relationship be- 
tween Eurasian snow cover and summer rainfall in South Korea, part 
I: statistical analysis [J] . Journal of the Korean Meteorological Soci- 


ety, 34: 478 —485 


Eyre FH, 1980 . Forest cover types of the United States and Canada [M] . 


Washington, D . C .: Society of American Foresters 

Farjo A, 1990 . Pinaceae . Drawings and descriptions of the genera 
Abies, Cedrus, Pseudolarix, | Keteleeria, Nothotsuga, Tsuga, 
Cathaya, Pseudotsuga, Larix and Picea [M] . K@nigstein: Koeltz 
Scientific Books 

Ferguson DK, 1967 . Оп the phytogeography of Coniferales in the Europe- 
an Cenozoic [J] . Palaeogeography, Palaeoclimatology, Palaeoeol- 
ogy, 3: 73—110 

Florin R, 1963 . The distribution of conifer and taxad genera in time and 
space [J] . Acta Horti Bergiani, 20: 121—312 

Fu LG, Li N, Mill RR, 1999 . Pinaceae [A] .In: Wu ZY, Raven PH 
(eds) . Нога of China [M] . Beijing: Science Press; St . Louis: Mi- 
ssouri Botanical Garden . Volume 4: 11— 52 

Gnibidenko ZN, Martynov VA, Nikitin VP ef al., 1999. Magne- 


tostratigraphic and paleobotanical description of the Miocene deposits 
in the Beshcheul Horizon of west Siberia [J] . Russian Geology and 


Geophysics, 40: 1776—1788 











Guo SQ ( 














| ), Wang SM ( 




















). Yang LJ ( 














), 2005 . 











Climatic and Environmental Change in North China Plain during the 











Last Glacial Maximum [J] . Geological Review ( уз 51 
(4): 423—427 























Haas JN, Mcandrews JH, 2000 . The summer drought related hemlock 
( Tsuga canadensis) decline in eastern North America 5, 700 to 5, 
100 years ago [J] . Symposium on Sustainable Management of Hem- 
lock Ecosystems in Eastern North America, Proceedings, 267: 81— 
88 
Havill NP, Campbell CS, Vining TF etal., 2008 . Phylogeny and bioge- 
ography of Tsuga (Pinaceae) inferred from nuclear ribosomal ITS and 
chloroplast DNA sequence data [J] . Systematic Botany, 33 (3): 
478—489 
Ноп Кама Y, 1976 . Atlas of the Japanese Flora-An introduction to plant 
sociology of East Asia [M] . Tokyo: Gakken Com . Ltd ., 5—21 
Hsieh CF, Shen CF, Yang KC, 1994 . Introduction to the flora of Tai- 
wan, 3: floristics, phytogeography, and vegetation [A] . In: Huang 
TC (ed) . Flora of Taiwan (2nd) [M] . Taipei: Sandos Chromagraph 
Printing Company, Ltd ., Vol . 1: 7—16 
Ishizuka K, 1974 . Mountain vegetation [A] . In: Numata M (ed) . The 
flora and vegetation of Japan [M] . Tokyo: Kodansha Ltd ., 173—210 
Kirchheimer Е, 1934 . Фрег Tsuga-Pollen aus dem Tert@ [J] . Planta, 
22: 171—179 
LePage BA, 2003a . A new species of Tsuga (Pinaceae) from the middle 
Eocene of Axel Heiberg Island, Canada, and an assessment of the 
evolution and biogeographical history of the genus [J] . Botanical 
Journal of the Linnean Society, 141 (3) : 257 —296 
LePage ВА, 2003b . The evolution, biogeography and рајаеоесојову of the 
Pinaceae based on fossil and extant representatives [J] . Acta Horti- 
culturae, 615: 29 —52 
Li HL, Кепе Н, 1994 . Pinaceae [A] . In: Huang TC (ed) . Flora of 
Taiwan (2nd) [M] . Taipei: Sandos Chromagraph Printing Compa- 
ny, Ltd ., Vol . 1: 567—581 








Liu LH ([] | 

















), Qiu XZ ( 














| ), 1980 . Studies on geographic 








distributions and situations of vertical zone of the Chinese Tsuga forest 









































), 2 (1): 9—21 


[J] . Acta Botanica Yunnanica ( 





Macko S, 1963 . Sporomorphs from Upper Cretaceous near Opole ( Sile- 
sia) and from the London Clays [J] . Travaux de а SocéÉ des Sci- 
ences et des Lettres de Wroclaw, ria B, 106: 1—136 

Manum SB, 1962 . Studies in the Tertiary flora of Spitsbergen, with notes 
on Tertiary floras of Ellesmere Island, Greenland, and Iceland [J] . 
Norsk Polarinstitutt Skrifter, 125: 1 —127 

Matthews JV, Ovenden LE, 1990 .Late Tertiary plant macrofossils from 
localities in Arcti@Bubarctic North America: a review of the data 
[J] . Arctic, 43: 364—392 

New M, Lister D, Hulme M et al., 2002 . A high-resolution data set of 


surface climate over global land areas [J] . Climate Research, 21: 


398 uU U ПОШ П H 310 


1—25 
Page CN, 1990 . Pinaceae [A] . In: Kubitzki К (ed) . The Families and 
Genera of Vascular Plants [M] . Berlin: Springer-Verlag, 319—331 











Peng XY ( 












































), Zhong W ([] [] ), Zhao YJ ( у etal., 











2005 . Preliminary research in the Holocene Hypsithermal climate 
change [J] . Journal of South China Normal University ( Natural Sci- 
ence Edition) ( | (0 | П)), (2): 










































































52—61 


Peterson DW, Peterson DL, 2001 . Mountain hemlock growth responds to 








climatic variability at annual and decadal the scales [J] . Ecology, 
82 (12): 3330— 3345 
Shi YF ([] | ), Kong ZC (O0 O O ), Wang SM ( ) et al., 









































1993 . The mid-Holocene Megathermal climate and environment in 








China [J] . Science China Series B- Chemistry (П | П ВП), 23 























(8): 865— 872 

Shidei T, 1974 . Forest vegetation zones [A] . In: Numata M (ed) . The 
flora and vegetation of Japan [M] . Tokyo: Kodansha Ltd „ 87—124 

Sun XJ, Wang PX, 2005 . How old is the Asian monsoon system ? - 
Palaeobotanical records from China [J] . Palaeogeography, Palaeo- 
climatology, Palaeoecology, 222 (3-4): 181—222 

Thieret JW, 1993 . Pinaceae [A] .In: FoNAE Committee (ed) . Flora of 
North America North of Mexico [M] . New York and Oxford: Oxford 


University Press, Vol . 2: 352—354 
Tsukada M, 1985 . Map of vegetation during the last glacial maximum in 
Japan [J] . Quaternary Research, 23: 369—381 
Wang SW, Gong YD, 2000 . Climate in China during the four special pe- 
riods in Holocene [J] . Progress in Natural Science, 10 (5): 
379 —386 
Wehr WC, Schorn HE, 1992 . Current research on Eocene conifers at Re- 


public, Washington [J] . Washington Geology, 20 (2): 20—23 









































Wen XY ( 




















у, Wang SW (0 00 ), Zhu JH ( ) et al., 











2006 . An overview of China climate change over the 20th Century 


using UK UEA@CRU high resolution grid data [J] . Chinese Journal 


























of Atmospheric Sciences ( ), 30 (5): 894—904 





Willard DA, 1994 . Palynological record from the North Atlantic region at 
3Ma: vegetational distribution during a period of global warmth [J] . 
Review of Palaeobotany and Palynology, 83: 275—297 

Yang XC ( ). Zhang YL (OU UU ), Liu LS ( 





















































) et al., 











2009 . Sensitivity of surface air temperature change to land types in 








China [J] . Science China Series D-Earth ( | ПОД), Sci. 























рог: 10.100Ж%11430- 009 - 0085 - - 0 
Zaiki M, Konnen GP, Tsukahara T et al., 2006 . Recovery of the 19th 
century Toky@Osaka meteorological data in Japan [J] . International 
Joumal of Climatology, 26: 399—423 


